Introduction
Liver fibrosis is a common result of the damage-repair response following different types of chronic insult to the liver. [1] [2] [3] [4] In patients who develop liver fibrosis, the majority ultimately develop liver cirrhosis, decompensated liver disease, and hepatocellular carcinoma. Information on the stage of hepatic fibrosis is essential for making a prognosis and deciding on anti-fibrosis treatment. 5 At present, the gold standard to assess liver fibrosis is liver biopsy. [6] [7] [8] However, there are some disadvantages of liver biopsy, such as that it cannot completely reflect the fibrosis of the whole liver and the associated risk due to its invasive nature. [9] [10] [11] [12] In light of these limitations, noninvasive serum markers have been developed for the assessment of hepatic fibrosis in recent years. Serum markers for liver fibrosis could be categorized into direct or indirect. Direct markers directly reflect the turnover of the extracellular matrix, including fibrogenic cytokines, extracellular matrix components, degradation products and enzymes involved in these processes. But they are not routinely provided in every hospital setting, which limit their clinical practice. Indirect markers correlate with hepatic function or inflammation and they are based on data from routine serological tests. 13 The indirect markers were largely studied in patients with different liver diseases, such as viral hepatitis, 14, 15 alcohol liver disease, 13 and non-alcoholic fatty liver disease (NAFLD). [16] [17] [18] In studies focusing on the mechanism and treatment of liver fibrosis using animal models, it is preferable to continuously evaluate liver fibrosis in the individual animal to avoid individual biological differences. However, it is difficult to perform continuous assessment through liver biopsy in the most commonly used rodent models, while noninvasive serum markers might become a feasible choice. It is unclear whether the serum markers, which have been used in hepatic fibrosis patients, could be used in animal models. In this study, we evaluated the diagnostic ability of four cost-efficient and convenient indirect markers, aspartate aminotransferase-to-alanine aminotransferase ratio (AAR), aspartate aminotransferase-to-platelet ratio index (APRI), fibrosis index based on the 4 factors (FIB-4) and Forns Index, in bile duct ligation (BDL) mice.
Materials and methods

Animals
Seven-week-old male Kunming mice, weighing 25 to 30 g, were purchased from Chengdu Da-Shuo experimental animal breeding research center. Mice were allowed to freely eat standard AIN-76 rodent chow and drink sterile water. The BDL operation was adjusted slightly based on laboratory procedures from the previous study. 19 Briefly, the common bile duct was ligated by two pieces of 5.0 mersilk, one upstream of bile outflow and another downstream. The bile duct was not cut. In sham-operated controls, the bile duct was not ligated but identified. BDL mice were drawn once every other week, randomly sampling six to seven mice each time for a total of five times. Sham mice were sacrificed the week all BDL mice were sacrificed. This study included 41 mice, 33 of which were BDL mice and eight were sham controls. The liver and blood samples of all mice were collected for analyses. Animals were treated according to the experimental procedure approved by the Institutional Animal Care and Use Committee.
Histopathological staining
The liver tissues were placed in 10% neutral formalin-fixed solution, dehydrated, and paraffin embedded. The samples underwent dehydration in gradient ethanol and then paraffin embedding. Sections were stained with hematoxylineosin (HE) or picrosirius red, as previously reported. 20 HE staining was performed according to a general laboratory procedure. The ratio of Sirius red to fast green stain was performed in a ratio of two to five.
The collagen volume fraction
Liver tissues obtained from all mice were stained with Sirius red for the quantification of collagen according to a previous study. 21 Briefly, hepatic collagen was quantified at a magnification of 40Â with a Nikon Eclipse 80i microscope connected to a video camera. Each section was analyzed, and three to five non-overlapping horizons were randomly chosen for collection. The collagen volume fraction (CVF) was analyzed using Image-Pro Plus 6.0 software, and the percentage of collagen area per visual area was calculated. The final CVF value for each mouse was the mean of each slice.
Measurement of hepatic hydroxyproline concentration
The amount of collagen was determined by hydroxyproline content. 22 The content of hydroxyproline in liver tissue was measured by a hydroxyproline assay kit (Nanjing Jiancheng Bioengineering Research Institute, Nanjing, China) according to the manufacturer's instruction. In total, 80 mg of liver tissue was removed from the liquid nitrogen and treated for 20 min in 1 mL of an alkaline hydrolysis solution in a boiling water bath. Then, an appropriate amount of activated carbon was added after the hydrolysis solution was diluted 10 times. The sample was then centrifuged, and the supernatant was used for measurement. The sample content of free hydroxyproline was calculated using hydroxyproline as a standard.
Pathological staging
Liver pathological examination was performed on all liver tissues. Stages were scored for all specimens (double read) using Metavir 6,23 scoring. Mice were divided into five groups: F0: no fibrosis, F1: mild fibrosis (portal fibrosis without septa), F2: moderate fibrosis (few septa), F3: severe fibrosis (numerous septa without cirrhosis), and F4: cirrhosis. No fibrosis mice were obtained from the controls. F2, F3, and F4 were defined as significant fibrosis.
Detection of blood parameters
Blood samples were obtained from the submandibular vein plexus before mice were sacrificed. The operations were performed as previously described in another study. 24 Platelets (PLT) were counted using a manual counting method by microscope in strict accordance with the provisions of the operation as previously described. 25 Serum alanine aminotransferase (ALT), aspartate aminotransferase (AST), gamma-glutamyltransferase (GGT), and total cholesterol were measured using commercially available kits (Jiancheng Institute of Biotechnology, Nanjing, China) according to the manufacturer's instructions.
Serum markers
The serum markers were calculated according to previous reported studies. The AAR was calculated for each mouse. The determination of the APRI comprises using the AST-toplatelet ratio, two inexpensive laboratory tests, which are routinely used. 26 The FIB-4 index is a simple and inexpensive algorithm consisting of age and the routine laboratory tests for measuring AST, ALT, and PLT for the diagnosis of liver fibrosis. 27 PLT count, cholesterol levels, age, and GGT are used to determine Forns Index. 28 In addition, the four aforementioned serum markers in different stages of liver fibrosis were compared.
Statistical analysis
The data were analyzed using SPSS version 21.0 for Windows. The laboratory data were shown as the mean or mean with the 95% confidence interval. Diagnostic results between stages were compared using the non-parametric Wilcoxon-Mann-Whitney U-test or Student's t-test with two-sided p values where p values 0.05 were regarded as significant. The differences in overall (ANOVA or Kruskal-Wallis test) values were used to compare continuous variables. The data were analyzed using correlation analysis to examine the relationship between the findings of serum markers and histological staging. Diagnostic performances of non-invasive tests were expressed using sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), and the area under the receiver operating characteristic (ROC) curve. The data were analyzed based on the calculated values of serum markers and histological staging using Medcalc 29 software (version 16.2).
Results
Fibrosis staging of BDL mice
All liver tissues of the mice were scored using the Metavir system. Eight sham mice were scored as F0 (no fibrosis). Five BDL mice were scored as F1 (mild fibrosis): four mice of these mice were sacrificed at the end of the second week, and one mouse was sacrificed at the end of the fourth week. Twelve BDL mice were scored as F2 (moderate fibrosis): three mice, four mice, one mouse, two mice, and two mice were sacrificed at the end of the second, the fourth, the sixth, the eighth and the 10th week, respectively. Eight BDL mice were scored as F3 (severe fibrosis): one mouse, two mice, four mice, and one mouse were sacrificed at the end of the fourth, the sixth, the eighth, and the 10th week, respectively. Eight BDL mice were scored as F4 (cirrhosis): three mice, two mice, and three mice were sacrificed at the end of the sixth, the eighth, and the 10th week, respectively.
As shown in Figure 1(a) , the BDL mice had significantly increased inflammatory infiltration and collagen deposition in the liver as revealed, respectively, by HE staining and Sirius red staining.
To verify the accuracy of staging, the changes in the collagen of liver tissues in different stages were further analyzed using CVF and hydroxyproline, an indicator of collagen. As shown in Figure 1 (b), the CVF values were positively correlated to the stage of liver fibrosis, from 0.032 AE 0.021% in F0 to 8.2 AE 2.3% in F4. The values of CVF in fibrosis groups (F1, F2, F3 or F4) were significantly increased when compared with no fibrosis (F0) group (p < 0.001). Meanwhile, the CVF values were significantly different between F3 or F4 groups and F1 or F2 groups (p < 0.001), or F3 group and F4 group (p ¼ 0.0124). However, the difference was not statistically significant when F1 group was compared with F2 group. There was also a positive correlation between the hydroxyproline concentration and the fibrosis score, from 0.39 AE 0.04 mg/mg in F0 to 0.88 AE 0.19 mg/mg in F4. Except F1 vs. F2 group or F2 vs. F3 group, the statistically significant difference was found among other fibrosis groups (p < 0.05) (Figure 1(c) ). Moreover, it was shown that the body weight of mice was decreased when the fibrosis score increased. The differences were only statistically significant (p < 0.05) when F1, F3 or F4 groups were compared with F0 group and cirrhosis group (F4) were compared with mild fibrosis (F1) or moderate fibrosis (F2) (Figure 1(d) ). These results suggested the accuracy of liver fibrosis staging in BDL mice.
Diagnostic ability of serum markers for assessing liver fibrosis in BDL mice
Four simple and classic serum markers, the AAR, APRI, FIB-4, and Forns Index were determined. As shown in Figure 2 (a), the mean values of AAR in F3 or F4 groups were increased with statistically significant differences (p < 0.05) when F4 group was compared with F0, F1, or F2 groups and F3 group was compared with F2 group. The mean AAR in mice of mice with F3 and F4 mice was significantly higher than in mice of mice with F0, F1, and F2 mice (p ¼ 0.0008 by unpaired t-test). The mean AAR did not differ between F0-1 to F2-4 mice and in F0-3 to F4 mice (p ¼ 0.0707, p ¼ 0.2227, respectively) ( Table 1) . Despite some overlap between the various stages of fibrosis, the AAR distinguished F0-2 from F3-4 mice (p < 0.001) with a corresponding AUC mean (95% CI) value of 0.85 (0.704-0.942) ( Table 2) .
The values of APRI in fibrosis groups (F1, F2, F3, or F4) were significantly higher than no fibrosis (F0) group (p < 0.01). However, due to the rather large overlapping of data, the significant differences could not be found among the fibrosis groups (Figure 2(b) ). APRI was significantly correlated with the stage of fibrosis and with a higher Table 1 Outcome of the serum markers in mice, according to Metavir stages Table 2) . For FIB-4 and Forns Index, their mean values increased with the development of liver fibrosis in a whole. The differences were statistically significant (p < 0.05) when F3 or F4 groups were compared with F0, F1, or F2 groups and F2 group was compared with F1 group (Figure 2(c) and (d) ). FIB-4 and Forns Index differentiated among the following fibrosis stages: F0-3 from F4 (p < 0.001), F0-2 from F3-4 (p < 0.0001), and F0-1 from F2-4 (p < 0.001). Either FIB-4 or Forns Index was significantly correlated with the stage of fibrosis (r ¼ 0.6807, r ¼ 0.6201, respectively, p < 0.0001) ( Table 1 ). As shown in Figure 3 , ROC curves for FIB-4 differentiated F0-1 from F2-4 and F3-4 from F0-2, while for Forns Index differentiated F4 from F0-3 and F3-4 from F0-2. Moreover, the area under the receiver operating characteristic (AUROC) for FIB-4 in differentiating F0-2 from F3-4 was higher (0.92) compared with differentiating F0-3 from F4 (0.867). And the AUROC for Forns Index in differentiating F0-2 from F3-4 was higher (0.895) compared with differentiating F0-1 from F2-4 (0.819) ( Table 2) .
When comparing the diagnostic capacity of the AAR, APRI, FIB-4, and Forns Index for differentiating F0-1 from F2-4 and F0-2 from F3-4, the best marker was FIB-4 among the four serum markers. Furthermore, FIB-4 was still a good marker for distinguishing F4 from F0-3 (Figure 3 ).
The accuracy of serum markers for assessing liver fibrosis
Diagnostic values of non-invasive tests defined by their optimal cut-off values can determine whether these markers can diagnose fibrosis (Table 3 ). In mice with different fibrosis stages, the AAR for differentiating F0-1 from F2-4, cut-off at 0.8249, showed a specificity of 84.62% and PPV of 89.5%. For differentiating F0-2 from F3-4 at the same cut-off, there was a specificity of 76% and PPV of 68.4%. The diagnostic ability of the former was better than that of the latter. Similarly, Forns Index for differentiating F0-1 from F2-4 and F0-2 from F3-4, cut-off at 7.0648, showed a specificity of 92.31% and a PPV of 95%; the latter with the same cut-off showed a specificity of 80% and a PPV of 75%. Thus, the former showed better specificity and PPV. When comparing the AAR with Forns Index for diagnosing the early stage of fibrosis, Forns Index was a better marker. The cut-off at 1.0996 of FIB-4 for differentiating F0-2 from F3-4 showed an excellent specificity of 92.31% and a PPV of 95%. Using this cut-off value with an NPV of 85.7%, 14.3% of the 
Discussion
In this study, we have shown that four serum markers obtained from routine laboratory tests have a good ability to evaluate liver fibrosis in mice. Among these four markers, FIB-4 was best able to distinguish significant fibrosis and Forns Index was best able for diagnosing cirrhosis. To our knowledge, this is the first study to evaluate and compare the diagnostic ability of the four serum markers at different stages of liver fibrosis in the animal model. In previous studies on AAR, 6 there was a statistically significant correlation between the AAR and the presence of cirrhosis. A significant amount of evidence showed that an AAR > 1 suggested cirrhosis in viral hepatitis patients 8, 14, 30 or NALD patients. 16 In our study, BDL mice without cirrhosis appeared to have a ratio value >1, likely due to inflammation caused by viral hepatitis and NALD different from cholestasis.
APRI is one of the simplest marker panels that can diagnose significant fibrosis and cirrhosis with acceptable accuracy. 26 It has been extensively evaluated in hepatitis C virus (HCV)-infected patients. A previous meta-analysis found AUROC values of 0.77 for the diagnosis of stages !F2, 0.8 for stages !F3, and 0.83 for cirrhosis in hepatitis C patients. 31 These results differ from this study, which showed that APRI had AUROC values of 0.863 for the diagnosis of stages !F2, 0.76 for stages !F3, and 0.761 for cirrhosis in BDL mice. These results suggest that APRI might have the ability to distinguish early stage liver fibrosis caused by cholestasis.
FIB-4 was initially evaluated in human immunodeficiency virus (HIV)/HCV co-infected patients, 27 and Forns 24 Index was first defined in 2002. The AUC values of FIB-4 32, 33 and Forns Index 32,34 in fibrosis assessment were at least as high as those reported in previous studies. FIB-4 and Forns Index diagnosed cirrhosis with respective AUROC values of 0.87 (0.84-0.91) and 0.87 (0.84-0.90) in HIV/HCV co-infected patients. 32 In our study, the AUROC (95% confidence interval) values for the detection of liver cirrhosis in BDL mice were 0.867 (0.725-0.953) and 0.879 (0.739-0.960) for FIB-4 and Forns Index, respectively. These results suggest the serum marker is able to consider a higher number of blood parameters and thus improves the ability to diagnose liver fibrosis.
Overall, using variables easily available to clinicians, we chose those that have constructed and validated serum markers, and aimed to investigate their ability to assess liver fibrosis in animal experiment research. The serum markers are acceptable, except for the lower diagnostic ability of the AAR for early stage fibrosis and cirrhosis and APRI for significant fibrosis and cirrhosis. To differentiate mice with significant fibrosis from those without, we recommend using FIB-4 as a first choice. Furthermore, FIB-4 can even distinguish liver fibrosis at an early stage from other stages and differentiate cirrhosis from other stages. Forns Index is a preferred serum marker for the diagnosis of liver cirrhosis. This study might assist researchers in evaluating reasonable treatments, curative effects, and mechanism research by continuous observation in individual animals. Furthermore, the results might aid in predicting stages of liver fibrosis in liver fibrosis animal models through the establishment of predictive values.
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